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ABSTRACT

Study of the removal of blocking groups in redox polymer precursors,

poly(5-vinyl-1,3-benzodioxole) (polymer 1) and poly(2,3-dimethoxystyrene)

(polymer II), was undertaken with different acidic reagents . Boron trichloride

dodecyl mercaptan (RSH) system showed a better cleaving performance

among the experimented reagents . Poly(4-vinylcatechol), initially methanol-

soluble, became purple-coloured with a defied insolubility under aerobic

conditions . Intramolecular cross-linking is viewed as a possible explanation

for the observed insolubility of the obtained resin ; that is, either benzene rings

of two moieties undergo an intramolecular Pummerer reaction . A mechanism

of the deportation of the redox polymers seems to be substituent-dependent

polymer precursors . Indeed. poly(3-vinylcatechol) remained methanol-soluble

for months with a faint pink colour . Redox midpotentials of poly(3-vinyl-

catechol) were established to be 707 mV at 23 'C, while that of catechol was

found to be 764 mV under the same conditions.
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Polymers with organic redox moieties have been known
for years [l — 41 . Mostly the organic redox units have

been restricted to the couple dihydroxybenzenebenzo-

	

(I)

quinone being capable of undergoing electron transfer

reactions as illustrated in chemical equation (I) .

	

they are characterized electrochemically by redox mid-

	

As might be expected and in analogy to their

	

potentials, E,,,'s . Moreover, these resins are classified as

corresponding low-molecular weight compounds (hydro-

	

transfer agent polymers and in fact they were undoubt-

quinone-p-benzoquinone,

	

catechol-o-benzoquinone),

	

edly the first of this class.

( .) Fax : +213 2543 3639

INTRODUCTION

+2H+ +2e

HO

OH

77



Redox Polymer. Precursor : Removal of Stocking Groups and Redox Properties

Poly(vinyldihydroxybenzene), namely polyvinyl-
hydroquinone and polyvinylcatechol, are not readily
prepared owing to the intrinsic phenolic functionality
of the monomer, that is : (I) this functionality inhibits
powerfully a radical polymerization of the correspond-
ing monomers, (2) a concomitant reaction will result
with an organometallic reagent in anionic polymeriza-
tion, 'and (3) lastly the bidentate acomplexation with a
Lewis acid in cationic polymerization will be un-
avoidably'ensued . Thus, the phenolic functionality
must be masked in order to induce their addition
polymerization . Yet, few attempts to carry out this
polymerization on naked monomers are reported in
the literature.

A half century ago, Cassidy reported the radical
polymerization of vinylhydroquinone, which resulted
in oligomers [5] ; even this monomer was not straight-
forwardly obtained . Later, Iwabuchi et al . described
the copolymerization of vinylhydroquinone with some
common comonomers such as styrene, methyl-
methacrylate, and acrylonitrile, but in the presence of
Bert-butylborane (TBB) [6–9], however, this latter
reagent failed to induce homopolymerization of
vinylhydroquinone.

Specifically targeted applications make the
redox polymers distinctly valuable resins [1, 10–14].
The chelating ability to heavy ions through the
catechol units is another facet of the polymeric
catechols and this property is in vivo applied in the
fascinating mechanism of iron transport by a
siderophore called Enterobactin into a plant cell [15].

Another outstanding property of the redox
polymers is the powerful chemical reactivity of their
precursors . Indeed we reported the various chemical
reactions on some polymer redox precursors including
polymer I and polymer II (Scheme I), and results
showed a peculiar chemistry [16–18].
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In this present paper we would like to report a
study of deblocking catechol functionality in polymer
I and polymer II, and an experimental estimation of
the redox potentials of the deblocked polymers.

EXPERIMENTAL

All reagents used in the experiments were either
commercial grade or synthesized . Reagent grade
solvents were purified when necessary ; employing
one of the methods described in Purification of
Laboratory Chemicals [19] . Potentiometric titrations
were. conducted with a PI-164 Research pH Meter ; a
platinum-working electrode (a 20x2 mm platinum
metal sealed to one end of a 10 mm glass tube, and
the conduction was provided by an iron wire immers-
ed into a mercury layer in the tube) was coupled with
a calomel reference electrode.

Monomers I an II were synthesized via Grignard
reaction and their polymerization was carried out
radically as we have reported previously ; characteriza-
tions of monomers and polymers are found in
references [18, 20].

Removal of Blocking Groups
Removal of Formal Group in Polymer I
With boron trichloride : A solution of 0 .55 g of
polymer I in 70 mL of dichloromethane was purged
with a stream of nitrogen before injecting 6 mL of 1M
boron trichloride in methylene chloride . Stirring was
continued for 36 h at room temperature before adding
3 mL of absolute methanol to effect hydrolysis of the
borate complex intermediate . The reaction mixture
was poured into 500 mL of ice water to complete the
hydrolysis of the excess of boron trichloride . Poly(4-
vinylcatechol) of 0.48 g was obtained as a white
powder. This latter polymer wis readily soluble in
methanol when initially isolated but became purple
and insoluble when dried in vacuo for three days at
room temperature . IR (KBr) revealed a broad peak at
3500–3000 cm-1 and a disappearance of formal group
bands at 2785-2765 cm-1 .

With boron trichloride-dodecyl mercaptan : Do-
decyl mercaptan, 0.8 mL, and boron trichloride (1M

O
o-J

Polymer I
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in dichloromethane), 4 mL, were added sequentially
to a solution of 0 .26 g of polymer I in 25 mL of
dichloromethane while stirred under nitrogen . A red
colour as well as a precipitate started to appear
10 min later. Addition of absolute methanol after 5 h
of stirring at room temperature dissolved the red
yellow precipitate completely . The methanol solution
was poured into 300 mL of ice-water to precipitate
the poly(4-vinylcatechol) . This white polymer was
isolated and dried in vacuo at room temperature to
afford 0.24 g . A very light pink colour of the polymer
began to be noticed . After this work-up, the material
became insoluble in methanol, swellable in dimethyl-
sulphoxide and in 90% acetic acid. The extent of
swelling increased upon addition of concentrated
sulphuric acid.

Deblocking of Polymer II
The amount of 0 .38 g of poly(3-vinylcatechol) was
obtained from the deprotection process of 0 .5 g of
polymer II with boron trichloride using the same
procedure as for polymer I described above.

Elements (%) C H CI D

Found

Calculated

64.68

70.58

5.66

5.88

0 .27

–

29 .39

23.52

Potentiometric Titration
An amount of 0 .02 g of poly(3-vinylcatechol) was
dissolved in 150 mL of glacial acetic acid in 250 mL
beaker fitted with a magnetic stirrer and immersed in a
thermostatic bath. The platinum and the calomel
electrodes, connected properly to the PHM64 Research
pH Meter, were immersed into the solution . Readings of
the potential were recorded in millivolts during the
titration process with eerie ammonium (0 .05 N) nitrate in
acetic acid (90%) . The temperature was maintained at
23 'C . The solution turned brown upon addition of the
first drops of the cerous solution and the colour became
intense at 50% oxidation. The mixture became complete-
ly yellow at the end of titration . Similarly, catechol was
potentiometrically titrated under identical conditions.
The potentiometric titration curves at 23 'C are illustrated
in Figure 1.
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Figure 1 . Potentiometric titration curves at 23 'C : (A), cate-
chol ; (B) poly(3-vinylcatechol).

RESULTS AND DISCUSSION

Cleavage of the Blocking Groups
The main reason to deblock the polymers is to obtain
polymers with dihydroxybenzene unit, that is the
catechol group, in order to evaluate their redox
properties . Cleavage of the formal linkage group to
liberate the catechol moiety of the different polymer
catechol precursors (polymer 1 and polymer II) was
thoroughly elaborated . Although it is possible to
cleave a ketal blocking group, i .e ., a 2,2-dimethyl-i,3-
benzodioxole with p-toluenesulphonic acid and butyl
mercaptan [21], the formal linkage proved to be much
more stable. Treatments of polymer I in acetic acid
with 48% hydrobromic acid at 115 -C yielded blue-
purple insoluble resins which defied characterization.

This insolubility may be due to a cross-linking
stemming from the formation of the methylene bridge
between redox units (quinoids, catechols) as depicted
in 1 (Scheme II); the methylene group would originate
from the formaldehyde liberated dtfiing hydrolysis of
polymer I.

When polymer I was treated with BCl 3 in
presence of dodecyl mercaptan in dichloromethane, a
phase separation occurred shortly, but the polymer
could be redissolved by adding enough methanol
indicating a hydrolysis success . This phase separation
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could be attributed to a plausible coordination of the
Lewis acid (BC1 3) to the oxygen of the methylene-
dioxyl group . The isolated white product became
insoluble when dried and a strong OH stretch in the
IR spectrum was identified . This resin could be
swollen in DMSO, 90% acetic acid, and the extent of
swellability increases as the acidity of the medium
increases . This insolubility could be ascribed to a
cross-linking occurring by a nucleophilic attack of a
catechol unit on an adjacent quinoid moiety formed
by autooxidation, as shown in 2 (Scheme II), probably
through a Pummerer-type reaction . The quinoid units
act as electrophilic species towards the catechol
moieties, and dimerization may be ensued as shown.
However, the cross-linking depicted as in 1 may be
ruled out because the insolubility took place only

when dried.
The cleavage reaction with boron trichloride may

proceed via nucleophilic attack of dodecyl mercaptan
(RSH) on the most electron deficient carbon of the
oxonium species initially fanned by complexation of
BC1 3, a Lewis acid, to the oxygen of the methylenedioxy
group as shown in Scheme III.

Polymer II could not be cleaved by 48% HBr;
although a partial dissolution in the strongly acidic
medium appears to occur, no evidence for hydroxyl
absorption can be detected in the IR spectra of the
resin recovered by pouring the acid mixture into
methanol. hi contrast, boron trichloride cleaved the
methoxy groups of the polymer H cleanly and the
poly(3-vinylcatechol) was isolated with no major
difficulty (chemical equation 2).

—CHZCH^^^^° CHZ — CH-

OH

""~CHZ CH ' CHZ CH

CH

2

OH
~HzQ "" CHZCH`^^^ti

.,'""CHZCH—

	

O

0 — 6C1

BCI3
RSH

Scheme III

80

	

Iranian Polymer Journal / Volume 10 Number 2 (2001)



(2)

Its elemental analysis strongly indicates the
occurrence of a quantitative hydrolysis . The depro-
tected polymer II exhibited a high stability to air; the
purple-blue colour, an indication of an oxidation,
began to appear after several months of exposure to
air but still the resin remained methanol soluble,
suggesting that the above phenomenon 2 may not take
place. In FTIR spectrum shown in Figure 2b, a
pronounced OH group absorption at 3500–3200 cm'
is apparent and the methoxy group absorption at 1030
and 1260 cm have disappeared together with the
methyl absorption at 2875–2765 cm ` (Figure 2).

Potentiometric Titration of Poly(3-vinylcatechol)
General Observations
The redox potential is one of the definitive character-
istics of the redox polymers . Its value would give an
insight into their applicability as oxidant-reductant
reagents . The potentiometric titration is considered
the most convenient technique to establish this redox
potential . The electrochemical reaction is illustrated
in chemical equation 3 where H 2Q and Q stand for the
reduced and the oxidized forms of a redox unit,
respectively.

® . .H2Q — ®—Q +2H+ +2e'

	

(3 )

If the redox properties of a polymer are to be
determined electrochemically, it would be recom-
mended to work in aqueous media . Although polymer
1 and polymer 11 can be dissolved in glacial acetic acid
after prolonged time, poly(3-vinylcatechol) proved to
resist solubility in this solvent . However, like poly-
hydroquinone, it is readily soluble in 90 or 95%
aqueous acetic acid . Therefore, 90% acetic acid was
the solvent of choice in measuring the redox potential
under inert atmosphere . In addition, eerie ammonium
nitrate in 90% acetic acid (0 .05N) was selectively
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Figure 2. FTIR Spectra of (A) poly(2,3-dimethoxystyrene),
polymer II ; (t3) poy(3-viny1catechol), the deblodced polymer 11.

employed despite a wide range of possible oxidants
(bromine, iodine, iron, and hydrogen peroxide).

The possible reaction with catechol units by
electrophilic substitution prevents the use of bromine-
water system as a titrant . A common observation of
the titrations was a slight pH change (–0 .5), which
may suggest that the cerium solution tended to render
the system a buffer. Cassidy also reported the same
remark as to the pH change during the titration of
polyhydroquinone [22].

Titration at 23 'C
At 23 the establishment of a stable potential during
titration of the catechol was observed with a few
minutes . The colour of this system changed from
yellow to deep brown at 50% oxidation, and turned
yellow at the endpoint . This yellow colour is indicative
of a fully oxidized quinone system . Yet, with poly(3-
vinylcatechol), the measurement of the potential was
within 5 to 10 mV, and the establishment of a stable
reading was very slow (30–40 min) . Thies slowness has
been a common observation to several investigators
when dealing with the potentiometric titration of redox
polymers at room temperature . Cassidy related this
behaviour to an intramolecular redistribution of the
semiquinone intermediates [22] . However, the colour
change during the titration was similar to that of the
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catechol case.
The pink-orange colour, observed with poly-

hydroquinone upon addition of a titrant, was not
detected with our polymer, Cassidy reported that the
colourless solution became pink-orange with the first
drop of oxidant and the pink tint became intense when
approaching the midpoint . This author attributed this
colour to a semiquinone radical formation [23] . This
colour was observed upon exposure to air for the
hydrolyzed polymers (1 and II), but the insolubility of
the two polymers indicates that the semiquinone
radical could be accompanied with dimerization . The
titration curves of the monomeric catechol and the
poly(3-vinylcatechol) at 23 'C are shown in Figure 1.

The midpoint potentials of the catechol and the
polymers were found to be 764 mV and 707 mV
respectively . The midpotential of the partially hydro-
lyzed poly[2-(o-methyl)-4vinylcatechol)] was report-
ed to be 724 mV under the same conditions [8].

Potentiometric titration curves of redox resins
were reported to show higher midpotential, E m than
the monomer units . For example, Nakabayashi et al.
reported that the E m 's of hydroquinone polymers were
higher than those of monomeric hydroquinone deriva-
tives [24] . Iwabuchi also observed that the mid-
potential of 1 :1 vinylhydroquinonemaleic anhydride
copolymer was about 30 mV higher than those of
hydroquinone and vinylhydroquinone [8].

The relatively high potentials of the redox
polymer is believed to be associated with "polymeric
effect" factors, the oxidized form of the redox resin
tends to adhere to the indicator electrode (platinum
electrode), therefore the potential will rise. In our
study, we observed that the midpotential of poly(3-
vinylcatechol) was lower than of the monomeric
catechol and no such polymeric effect occurred because
of a slow precipitation of the oxidized form . The
polymeric effect, however, is manifested on the rate of
establishment of a stable potential discussed above.

Because poly(4-vinylcatechol) was insoluble in
the working medium due to the rapid dimerization
discussed earlier, the titration was not undertaken.
The heterogeneous titration was precluded because a
confusing measurement of the potential will be
ensued owing to the effective adsorption of polymer

on the working electrode ; a high potential will be
measured . Manecke [25] and Iwabuchi [14] examined
the redox potentials of some insoluble redox resins
employing hydrazobenzene as a mediator . This
soluble mediator may be added only in a small
amount and should have a standard potential similar
to the polymer in concern. Theoretically, the redox
potentials of the mediator and the polymer would be
equal at their equilibrium . In our study, the use of
hydrazobenzene as mediator was precluded because
we anticipated a complex formation between azo-
benzene and the catechol units; macroreticular resin
containing catechol system was reported to complex
with azobenzene as evidenced by the colouration of
the resin upon the addition of the mediator [14].

Nonetheless, the midpoint potential, E m, of
poly(4-vinylcatechol) would be closer to that of its
isomer, poly(3-vinylcatechol).

CONCLUSION

The removal of dialkoxyl groups chosen as protecting
groups for the redox polymers is not straightforward ; it is
more complicated to deblock these groups in polymers
than in low molecular weight compounds, probably due
to a polymeric effect. The removal difficulty is coupled
with a result of characterization-defying resins ; even
with the success of the removal task, the deblocked
resins thus obtained were prone to autooxidation . Yet, a
poly(3-vinylcatechol), a methanol-soluble and well-
characterized resin was obtained . The midpotential of
this latter resin gave an insight into the redox ability of
the different redox polymers (polymer I and polymer II)
by comparing it with that of catechol, a monomeric
analogue. The temperature effect in the titration course
and the midpotentials of the polymer-bound catechol as
well as catechol may be obviously noted.

e
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